parity assignments and resonance parameters were determined for all of these isobaric analog resonances. The data for inelastic scattering to the first excited state (2+, 0.803 MeV) were described using a distorted-wave Born approximation background and the same isobaric analog resonances; good fits to the data were obtained by varying only the inelastic partial width amplitudes. A set of spectroscopic amplitudes was then found, for both the single-particle and the particle-core components of the parent states, by comparing the best-fit resonance parameters with those given by model calculations. The internal consistency of this set was verified by using sum rules. The spectroscopic amplitudes are compared with those given by simple weak-coupling model predictions; there is considerable disagreement, probably because too few configurations were used in the theoretical calculations.
I. INTRODUCTION
The isobaric analog resonance (IAR) showed early promise of becoming a valuable spectroscopic tool for studying the structure of medium-weight and heavy nuclei, particularly in the vicinity of closed-shell nuclei such as Pb. ' With the advent in recent years of highintensity sources of polarized protons, this promise has now been fully realized. By measuring both the cross section and the analyzing power in the vicinity of an IAR, an experimenter can obtain twice as much information as he could by measuring the cross section alone. Moreover, the additional information provided by the analyzing-power data is particularly valuable in determining the spin of the IAR, as well as in studying interference effects, both between the IAR and the nonresonant background and between overlapping IAR's.
Previous polarized-beam experiments, ' ' using Pb, Pb, and some X =82 nuclei as targets, have been very successful in exploiting these advantages, not only for elastic scattering but also for inelastic scattering to some low-lying collective states. For these states, the interference between the direct background and the IAR resulted in a nonzero analyzing power; this made it possible to obtain reliable spectroscopic information from the inelastic scattering data. In previous unpolarized-beam experiments, on the other hand, this same interference had been a severe complicating factor which had made it difficult to analyze the data and rendered questionable the resulting spectroscopic information.
In this paper, we describe a similar experimental study, in which Pb was used as the target. We were able to obtain information on the structure of a number of states in 2o7Pb (the "parent states") by msr. Shielding and magnetic electron suppression were used to reduce the background in the back-angle spectra.
The target consisted of a self-supporting foil of isotopically enriched (97.2%) Pb. ' It was mounted at an angle of 25' from the normal to the beam direction in order to minimize the total energy loss in the target for elastically scattered protons. The effective thickness was approximately 1.1 mg/cm, corresponding to an energy loss of 15 keV at E~=I6 MeV. This was small compared to the widths of the observed IAR's ( & 200 keV) and to the energy spacing between data points (50 keV).
The polarimeter consisted of a cylindrical gas cell, 3.8 cm in diameter and filled with one atmosphere of helium, and two symmetrically placed Si(Li) detectors at 8h» --112, each located 15.4 cm from the center of the cell.
At each proton energy, data were taken for both "spin up" and "spin down. " The spin direction was controlled by small transverse-field coils in the crossover region of the ion source'; when the coils were turned on, the spin was rotated through 180. This spin rotation process caused some depolarization, so the spin-up polarization (p+) was about 5 -10% greater than the spin-down polarization (p ). However, none of the other properties of the beam, such as intensity, emittance, or position, was affected by the rotation. For about half of the energies, the data were taken in separate spin-up and spin-down runs; for the others, the spin was flipped every 100 ms, so that the data for both spin states could be collected during a single run.
A typical pulse-height spectrum for a back-angle detec tor is shown in Fig. 1 (Q+ and Q ) were equal, the cross sections o. (8) and analyzing powers A" (8) for the back-angle detectors were given by p I'+(8)+p+ I' (8) 2poQ+ Q (8) (8) ' (3) where 1'+ (8) and Y (8) are the spin-up and spin-down peak areas, Q(8) is the detector solid angle, and p is an overall normalization constant which is proportional to the target thickness. The same expressions were used for the monitor, except that the sign of A" (8) (E~= 4, 6, 8, 10, 12, and 13.75 MeV) and comparing them with optical-model predictions; this procedure is described in detail in Ref. 18 
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(2) nearly degenerate levels, a -, (or -, ) which is strongly excited in (y, y') (Refs. 24 and 25) and a -, (or~) which is populated in (d,p) and possibly in (p, p'). The -, assignment which is given here produced a considerably better fit to our data than did either the -, or -,
3+ 5+
The assignments for levels 20 (E"=5. 057 MeV), 21 (E"=5. 072 MeV), and 22 (E"=5.080 MeV) are somewhat tentative. The set of spin assignments given in Table I   ( -, , (7) 241 (12) 266 (5}   241+22   227+5 295 (16) 227 (12) 227 (12) 295+8 295 (16) 257 (24) 295 (16) 257 (24) 260 (26) 260 ( (28) 284 (28) 260 (26) 260 (26) 26O ( o.s1 (7) 0.68 (12) 1.03+0. 14 6.70 ( 12) 27.32+0. Bund and Blair were able to obtain explicit expressions for all of the resonance parameters for an isolated IAR.
In particular, they found that the partial widths and the "intrinsic phases" were given by In this expression, each channel is characterized by an index v, which denotes the state of the residual nucleus (v=0 being the ground state), and by the angular momentum quantum numbers l and j of the proton. The index A, which identifies the IAR has been suppressed. Note that, because of differences in definitions, the partial widths and the phases given in BB are not quite the same as those used elsewhere in this paper; instead, these quantities are related by 0!j +~!j -z 'Klj~, ( I'j'+~l'j' 2 kv, lj'' .
The radial wave function Q~z(r, E") which appears in Eq. (7) The calculations outlined above were performed using Bund's program ANALOG. We made some modifications to this program, the most significant being the introduction of nonlocality. The proton and neutron wave functions were computed using local potentials and were then damped as prescribed by Percy using the standard nonlocality length (0.85 fm). The damped neutron wave function then had to be renormalized; the net effect for the neutron was thus to enhance its wave function in the tail region (where the potential was small) and to reduce it in the interior (where the potential was large). Since the largest contribution to the integral in Eq. (7) was from the nuclear interior, the nonlocality correction caused all of the single-particle widths to become smaller.
The procedures described here were tested using the single-particle IAR's in Bi, since the spectroscopic factors for the parent states (with the possible exception of the j»/q state ) were expected to be near unity. What we found was that all of the spectroscopic factors were be-18 tween 0.90 and 1.06 (except for the i&«2 state, for which So lj --0.78+0.08). We also computed the values of the single-particle widths as functions of energy; the results are shown in Fig. 11 . These may be compared with the results of similar calculations for IAR's in Bi, which were done using both ZDH and TAR. ' configurations, in addition to the amplitudes given here.
The information in Tables V and VII is give the values of Sc tj and g,(9 + I, , ), respectively.
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The dashed line at N~--1 indicates the upper limit given by inequality (8) .
We see from Table VIII Pb that were comparable in magnitude (and accuracy) to those found using stripping reactions. Also, since we measured both the cross sections and the analyzing powers, we were able to obtain a consistent set of spin-parity assignments. Finally, the analysis of our inelastic scattering data gave us information on the~2+Ij) components of the Pb wave functions which could not be obtained in any other way. We hope that this work will stimulate new theoretical calculations for the Pb level structure, since the existing weak-coupling model predictions are clearly inadequate to describe our experimental results.
